ULTRASOHIC MOTOR AND ELECTROHIC DEVICE WITH ULTRASOMIC MOTOR 



BACX6R0UND OF THE INVEHTIOtf 

This invention relates t to an ultrasonic motor for 
frictionally driving a moving body by ultrasonic vibration and 
to an insulating structure of an electronic device using an 
ultrasonic motor. 

Electronic devices having a built-in ultrasonic motor as 
a motive power source have been in use. For exaa^le. Pig. 11 is 
a sectional view showing the construction of an electronic device 
wherein an ultrasonic motor is used as a motive power source of 
an analog electronic clock. An oacillatihg body 3 having a 
piezoelectric device 4 bonded thereto is made to generate an 
oscillatory wave by self-oscillation to drive a moving body 5. 
An ultrasonic motor of this kind of construction is- disclosed 
for example in Japanese Unexamined Paterit Publication No. 
H. 8-25 1952. 

However, in this analog electronic clock^ a base plate 21 
18 directly connected to the^ius side of a terminal of a power 
supply for driving the clock and doubles as a lead Wire for carryihq 
a potential to the movement circuit. Whien an ultrasonic 

motor is mounted on this base plate 21, electrodes of the 
piezoelectric device short-circuit with the pluci side power 
supply terminal through the base plate 21 and stable driving 
becomes impossible. Consequently, to mount a self^scillatibii 



circuit/ which can be email and have an excellent frequehcy 
follow-up characteristic, as a driving circuit of an ultrasonic 
motor, in related art constructions there has been the restrictidn 
that it is necessary to make the base plate^insulatin^r provid[e 
a separate insulating structure* 

This is because an oscillating member ^ a moving body, 
outputfejrAf means and a pressing mechanism confltittft^ng the 
ultrasonic motor are made with conducting materiials only, axidi a 
current path is formed between at least one of the electrodes of 
the piezoelectric device and at least one of the power supply: 
terminals and makes driving impossible* Therefore, it becboieiB 
necessary for the current path between the power supply and the 
ultrasonic motor to be cut by con^wnents OQn a t t ±tnt In g the 
electronic device. However, this imposes restrictions on the 
makeup and the structure of the electronic device in which the 
ultrasonic motor is mounted, and furthermore in a small electronic 
device in which it is difficult to provide an iheulating structure 
there are also space restrictions and it may consequently be 
impossible to mount an ultrasonic motor at all. 

SUMMARY OF THE ZMVEMtZOM 

It is therefore an object of the present invention to provide 
an ultrasonic motor which can be mounted in an electronic device 
without: imposing structural restrictions on the electronic device 
and is therefore easy to use. 



To achieve this and other objects, the invention provides 
an ultrasonic motor wherein, among an oscillating member for 
generating an oscillatory wave, a pressing mechanism for pressing 
the oscillating member against a moving body, a: moving body 
frictionally driven by the oscillatory wave, and outputting means 
for transmitting an output from the moving body to the outside, 
at least one member is made an insulating inember* 

As the operation of the invention, by a current path bet\»?een 
a power supply terminal and an electrode formed on a piezoelectric 
device being cut by at least one of the above-mentioned members 
constituting the ultrasonic motor, it is possible to realize an 
ultrasonic motor which does not impose structural restrictions 
on a device in which it is mounted and which is therefore easy 
to use. 

In particular, according to the invention, when outputting* 
means for transmitting an output torque is provided on the moviifig 
body, the problem described above can be solved by this putputfeteg- 
means being made from an insulating material, and with this 
construction the above-mentioned object can be achieved without 
Imposing restrictions on the shapes and the materials of the 
oscillating mffliber and the moving body, which relate closely to . 
the output performance of the ultrasonic mbtor. 



BRZEP DESCRIPTION OF THE lAMIlkoS 

Fig* 1 is a block diagram showing a first preferred. 
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CTibodiment of an ultrasonic motor accordiixg to the invention; 

Fig. 2 is a sectional view showing the construction of the 
first preferred embodiinent; 

Fig. 3 is a block diagram showing a; second preferred 
embodiment of an ultrasonic motor according to the invention; 

Fig. 4 is a sectional view showing the construction of the 
second preferred embodiment; 

Fig. 5 is a block diagram showing a third preferred 
embodiment of an ultrasonic motor according to the invention; 

Fig. 6 is a sectional view showing the cbnistruction of the 
third preferred embodiment; 

Fig, 7 is a block diagram showing : a : fourth preferred 
embodiment of an ultrasonic motor according; to the inventibh; 

Fig. 6 is a sectional view showing the construction of the 
fourth preferred embodiment; 

Fig. 9 is a sectional view showing a fifth preferred 
embodiment of an ultrasonic motor according to the invention;: 

Pig. 10 is a sectional view showing the cbnisftruction of the 
fifth preferred embodiment; and 

Fig. 11 is a sectional view of an electronic device in which 
an ultrasonic motor of related art has beein used. 

DBTAILED DESCRIPTXOll OF THE PREPElWBb BMiW 

Preferred embodojnents of the invention will now be described : 
in detail with reference to Fig. 1 through Fig. 10, 




First Pref errgri KmhnA i m^pf 

Pig. 1 is a block diagram showing ai. first preferred 
embodiment of an ultrasonic motor according to the invention, in 
this preferred embodiment, a current path between a power supply 
10 included in a driving circuit 11 and an ultrasonic motor is 
cut so that no structural restrictions are in^sed on ah 
electronic device in which the ultrasonic motor xb mounted/: 

A driving signal generated by the driving circuit 11 is 
impressed on a piezoelectric device 4 . This driving signal causes 
the piezoelectric device 4 to oscillate, ; and a displacement 
magnification and a displacement direction are disterrained by an 
oscillating body 3 to which the piezoelectric device 4 is bonded. 
A moving body 5 having its movement direction confined by a 
supporting mechanism 9 and pressed against the oscillating body 
3 by a pressing mechanism 7 is moved by the oecillation of the 
oscillating body 3, and an output is extracted to the outside by 
an output extracting gear 6« 

The specific construction of this preferrcki embodiment wiir 
now be described* 

Fig. 2 is a view showing the construction of this first 
preferred embodiment of an ultrasonic niotbr: according to the 
invention. 

A supporting plate 1 is made of an insulating material, arid 
a center shaft 2 mounted on the supporting plate 1 is completely 
cut off from outside currents. A piezoelectric device 4 having 



electrode patterns 8a, 8b, 8b' provided on its front and rear sides 
is bonded to an oscillating body 3 fixed to this center shaft 2. 
Also, a moving body 5 is rotatably mounted'on the center shaft 
2, and the moving body 5 is pressed against the oscillating body; 
3 by a pressing spring 7 mounted on the supporting plate 1. The 
driving circuit 11 impresses on the piezoelectric device 4 through 
the electrode patterns 8a, 8b, 8b' a driving signal enabling the 
generation of a progressive wave or a standing wave such that the 
oscillating body 3 oscillates in the circumfer^iitial direction 
with a secondary oscillation mode . As a result^ the piezoelectric 
device 4 oscillates and the moving body 5 rotates about the center 
shaft 2. A gear 6 made of insulating plastic and serving as 
output^ifftg means is provided on the moving body 5 « Here, the gear 
6 is Separate m^)2er^ from the moving body 5, ^5t^lter natively^ 
it may be molded integrally with the moving body 5. Also, ^ferb- 
outputting means does not have to be a gear, and a frictionatl 
transmission mechanism using pulleys and a V-belt or the like may 
alternatively be used . The rotational movement of the moving body 
5 is extracted to the outside by this gear 6.: Because the butptit 
extracting gear 6 and the supporting plate I ate made of insulating 
materials, the current path between the ultrasphic motor and the 
power supply ^lO^-s cut. Consequently there are ho restrictions 
when the ultrasonic motor is mounted in ah electrohic device, and 
furthermore an ultrasonic motor which is reslistant to external 
noise and easy to handle can be obtained. • 



The method by which the current path between the power supply 
0 and the ultrasonic motor is cut is not limited to this metlicKl 
of making the output extracting gear 6 and the supporting plate 
1 insulating members as shown in Pig. 2, and it is only necessary 
for at least one member among the oflr; i n at- 1 pg tbahiK ot- ^ the pressing 
mechanism/ the moving body and the outputting means constituting 

^ ■ ■■<■;,; :. • " ■\- 

the current path to be made^an insulating member. 

Effects of the invention will now be explained. 

An alternating voltage is impressed on the electrodes 
provided on the front and rear sides of the piezoelectric devic^ 
4 by the driving circuit 11 , and the moving bbdy 5 is driven by 
way of friction by an oscillatory wave generated in the 
oscillating body 3 as a result. In the reflated art, when aih 
ultrasonic motor is mounted in an electronic device, if the case 
of the device or parts constituting the device are electrically 
shorted with at least one of the power supply terminals > the 
electrodes of the piezoelectric device are shorted with the power 
supply terminal through the output-^fcing means arid the supporting 
plate of the ultrasonic motor/ and stable driving becomes 
impossible. 

in this first preferred embodiment of the invention, on the 
other hand, as a result of the supporting plate 1 and the geair 
6 being made of insulating materials, the electrodes of the 
piezoelectric device can be electrically isolated from members 
outside the ultrasonic motor and thus it is poi9sibie to realize 
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Stable driving without this being affected by the construction 
of the device in which the ultrasonic motor is mounted. 

From the above^ with this preferred embodiment, because the 
current path between the power supply 10 and the ultrasonic motor 
is cut by members constituting the ultrasonic motor only, 
mechanisms of the related art for cutting the current path betw;eeh 
the power supply 10 and the ultrasonic motor can be dispensed with 
and an ultrasonic motor which does not : inqpose structural 
restrictions on the electronic device in which it is mounted and 
which is easy to use is realized* 
Second Preferred Embodiment 

Fig. 3 is a block diagram and Fig* 4 a specific construction 
view of a second preferred embodiment of an ultrasonic motor 
according to the invention. 

This preferred embodiment is basically the same as the first 
preferred embodiment, but has the feature that the oscillating 
body 3 to which the piezoelectric device 4 having the electrode 
patterns 8a, 8b, 8b' is bonded is made of insulating plastic. 

In this case, because the oscillating body 3 xs made an 

*^ 

insulating member, it cuts the current path between the power 
supply 10 and the ultrasonic raotoriand even if the supporting plate 
1 , the center shaft 2 and the moving body 5 are ffi£L<^6 vith conductiiig 
mater ialsj there is no influence on the driving of the ultrasonic 
motor. Consequently, no structural restrictions are imposed bh 
an electronic device in which the ultrasonic ik>t6i:. is mounted and: 
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in the designing of the ultrasonic motor itself the materials to 
be used can be selected more freely* 

on 

Also, because the oscillating body 3 is made of insulating 
plastic, a complicated machining process becomes unnecessary and 
considerable cost reductions are possible through iii^rovements 
in manufacturability. 
Third Pcgfftrrfi^ RmbodiTn^nt 

Fig, 5 is a block diagram and Fig. 6 a specif ic construction 
view of a third preferred embodiment of an ultrasonic motor 
according to the invention. 

This preferred embodiment is basically the same as the first 
preferred embodiment but has the feature that the supporting plate 
1 and the moving body 5 and the output extracting gear 6 are made 
of insulating plastic and the moving body 5 and the gear 6 4re 
molded integrally. 

Here, because the contacting surfaces pf the supporting 
plate 1 and the oscillating body 3 are insulatihg, the current; 
path between the power supply 10 and the ultrasonic motor is cut 
and no structural restrictions are imposed on an electronic device 
in which the ultrasonic motor is mounted. 

As a result of them being integrally; molded a step^ ^^p^^^^ 
assembling the moving body 5 and the output extracting gear 6 caii 
be dispensed with, the process of manufacturing the moving bo<iy 
5 and the output extracting ^ear 6 can be ; slii^lif ied, and 
considerable in^rovements in the manufaicturajbiiity of the- 




ultrasonic motor can thereby be made. 

Also, as a result of the moving body 5 and the gear 6 being 
integrally molded, the freedom of choice of the output extraction 
method increases, and for example by making the moving body thin 
compared to the moving body shown in Fig. 2 and making the gear 
a bevel gear, as shown in Fig. 6, a function of converting the 
direction of the output can be further given to the output 
extracting means and it becomes' possible for the orientation in 
which the ultrasonic motor is mounted in an electronic device to 
be selected variously. 

Also, when the moving body 5 molded integrally with the 
output extracting gear 6 is reinforced with glaias fiber, glass 
beads or mica, because the reinforcing material is an insulating 
material, it is possible to imiirove the dura4)ility and the 
moldability of the integrally molded moving body 5 while 
maintaining its insulativity. 

Here, a material having a volume resistivity of 10*n-cm or 
more is used as the insulating material. 
Fourth Preferred Kmhodiment ' 

Fig. 7 is a block diagram and Fig. 8 a specific construction 
view of a fourth preferred embodiment of ah ultrasonic motor 
according to the invention. 

This preferred embodiment is basically the aame as the first 
preferred embodiment but has the feature that an insulating layer 
12 is formed on the supporting plate 1 and oh the surf aces of a 



metal oscillating body 3 which make pressing contact with the 
moving body 5. 

Any suitable method can beiused for forming this insulating 
layer, such as transforming the materials of the oscillating body 
3 or coating, adhering, cladding, fusing or chanically bonding 
an insulating material to the oscillating body 3. 

With this preferred embodiment, because an Ihsulating layer 
is provided on the contacting surfaces of the supporting plate 
I and the metal oscillating body 3, the current path betweenVthe 
power supply 10 and the ultrasonic motor is cut and no Btructural 
restrictions are imposed on an electronic device in which th^ 
ultrasonic motor is mounted. 

And, because as long as they are materials which can be 
provided with an insulating layer the materials of the supporting 
plate 1 and the oscillating body 3 can be selected freely, this 
is advantageous in the design of the ultrasonic motor. 

Here, the insulating layer 12 is made of an engineering 
ceramic such as alumina, zirconia, silicon nitride, titanium 
nitride or DLC (diamond-like carbon) or of an insulctting plasticV 
or an oscillating body 3 having improved irisUlatlvity and weair 
resistance is made by using aluminum or an aluminum alloy aiid 
carrying out almnite processing on the contacting surf aces of the 
oscillating body 3 against which the moving body 5 presses to 
provide the insulating layer 12. 
Fifth Preferred RmhnHin.«»ni. 



Fig. 9 is specific construction view of a fifth preferred 
embodiment of an ultrasonic motor according to the invention, and 
Pig- 10 is a diagram of an example of a self -pscillat ion circuit 
for driving an ultrasonic motor according to the invention* 
As shown in Pig. 10, it is possible to drive an ultrasonic motor* 
according to the invention by transmitting ajf'^gnal oscillated 
in an oscillation driving circuit 32 to electrode pattern 8a, Bbi 
8b' . Also, it is possible to decide which electrode pattern among^^^ 
electrode pattern 8a, 8b, 8b' a driving sigiiai is transmitted to 
by transmitting ajTsignal from a nonnal-revewe rotation signal 
generating means 30 to a switching circuit 31. 

In this preferred embodiment, an ultrasonic motor according 
to the invention is used as a motive power source of an analog 
electronic clock. 

An insulating plastic oscillating body 3 of the kind shown 
in previous preferred anbodiments is mounted on a center shaft 
2 , and this center shaft 2 is fixed to a base plate 21 by a f astenihi^ 
screw 22 . A piezoelectric device 4 having eliectrode patterns iBa, 
8b, 8b • provided on its front and rear sides is bonded to the 
oscillating body 3 . Also, the moving body 5 is rotatably moimted 
on the center shaft 2, and the moving body 5 is pressed against 
the oscillating body 3 by a pressing spring 7 mounted on the base 
plate 21. An insulating plastic gear 6 seirvihg as outputting 
means is disposed on the moving body 5, and this gear 6 rotatei? 
a number four gear 23 and further rotates a hianber three gear 24, 



a minute gear 25, a day back gear (not shown) and a tube gear 26 
at fixed speeds* 

If the period of the alternating voltage applied to the 
piezoelectric device 4 and the numbers of teeth of the above-- 
mentioned gears are set at predetermined values, the hour can be 
displayed by an hour hand attached to the tube igear 26, the minuted 
by a minute hand attached to the minute gear 25 and the second 
by a second hand attached to the number four gear 23, whereby the 
time can be displayed. 

In this electronic clock, the base plate 21 is connected 
to a plus side power supply terminal, and consequently in related 
art constructions there has been the restriction that a separate 
insulating structure must be provided by for example making the 
base plate 21 and the number four gear 23 out of insulating plastic. 
With an ultrasonic motor according to the preseint invention, on 
the other hand, because the oscillating body 3 lis an insulating 
mesnber, the current path between the power supply 10, in this caise 
the plus side terminal thereof connected to the base plate 21, 
and the ultrasonic motor is cut, no restriction that for example 
the number four gear 23 for transmitting the output: torque of the 
ultrasonic motor from the outputting means must be given an 
insulating structure is imposed, and the ultrasonic motor can 
therefore be mounted easily. 

Thus, an ultrasonic motor according to the invention can 
be mounted in an electronic device without structural 




restrictions being imposed on the electronic device and it is 
possible to obtain an ultrasonic motor which is easy to use arid 
can be used in a wide range of applications. 
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